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(54) Multlcarrler transmission 



(57) A transmitting apparatus, receiving apparatus, 
communication system, and a signal processing meth- 
od for each apply a suitable modulation method and 
transmission path estimation method in accordance 
with the characteristics of the transmission information 
and capable of improving the transmission efficiency. At 
the transmission side, the method of estimation of the 
transmission path and the modulation method are se- 
lected in accordance with an attribute of the data to be 
transmitted, for example, the size of a packet to be trans- 
mitted, the transmissbn data is mapped by the selected 
modulation method, the signal is processed in accord- 
ance with the transmission path estimation method, and 



a transmission signal is created by increase fast Fourier 
transform processing and transmitted At the receptton 
side, the received signal is fast Fourier transformed, the 
transmission path is estimated by the transmission path 
estimation method selected at the transmissbn side, the 
received signal is corrected in accordance with the re- 
sult, and the received data is reproduced in accordance 
with the modulation method. Therefore, it is possible to 
always adopt the optimum transmission method in ac- 
cordance with the attribute of the transmission data etc. 
and possible to realize an improvement of a transmis- 
sfon efficiency and an enhancement of the quality of 
communication. 
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as a reference. The means for finding the phase of the received signal by this transmission path estimation is generally 
referred to as differential demodulation. The differential denrKxJulation is carried out in the differential demodulation 
circuit 116. The thus extracted received symbols carrying information modulated in the phase component are returned 
to the original order of symbols by the frequency deinterleave circuit 115, then the symbol stream of the intended 
channel is extracted by the channel selection circuit 114. 

[0010] The output channel stream from the channel selection circuit 114 is input to the bit extraction circuit 113. The 
bit extraction circuit 113 digitally demodulates the symbols of each sub-carrier to extract, for example, the received 
encoded bit stream for the QPSK modulated symbols. The time deinterleave circuit 112 returns the received encoded 
bit stream to the arrangement of the encoded bit stream of the original order by the time deinterieaving in the frame. 
Further, this is decoded for correcting errors by the channel decoder 111, whereby the information bit stream of the 
intended channel is obtained. 

[0011] In a communication system comprising such a transmitting and receiving apparatus, the arrangement of sym- 
bols to be transmitted and received by the frequency axis and the time axis can be expressed as shown in Fig. 24. 
Fig. 24 shows the state of the symbols in the sub-carriers arranged on the frequency axis being differentially nrKxJulated 
with the symbols transmitted one modulation time before at the related frequency This differential modulation is not 
closed in the channel. The differential modulation is carried out with the symbols of other channels. 
[0012] In a communication system for transmitting multiplexed channels using the OFDM nrxxJulation method as 
previously proposed, the symbols of the intended channel are extracted after the transmission path is estimated for 
all channels together Further, the symbols of the other channels are also necessary for extracting one channel worth 
of information, so by employing such a data structure isolation between channels is not possible in the modulation 
method and the transmission path estimation method. Since the above-mentioned DAB system is a broadcasting 
system and each channel is usually transmitting a signal constantly, isolation between channels in the nxxJulation 
method and the transmission path estimation method has been considered. 

[001 3] Where handling packet transmission traffic, however, the channels are not always constantly transmitting and 
receiving signals, therefore with the above system configuration, nrKxJulation and derrxxJulation beccHme impossible, 
so it becomes necessary to perfomi the modulation and demodulation and the transmission path estimation in a closed 
state for every channels, that is, for every packet. Further, in general packet transmission traffic, the amount of the 
information to be transmitted at one time the amount of information per packet largely fluctuates from several tens of 
bytes to about several tens of kilobytes, for example. When handling such traffic, if modulation and demodulation are 
carried out by the known method the following disadvantages occur. 

[0014J When differential phase modulation is applied as in the DAB system, the symbols transmitted one modulation 
period before are utilized as reference symbols for estimating the transmission path, therefore even in a case where 
desiring to transmit information which can be handled by the number of symbols in one modulation period, the trans- 
mission and the reception of two rtKxJulation periods worth of symbols including the reference become necessary. This 
is clearly wasteful from the viewpoint of the effective utilization of the transmission path bandwidth. In such a case, it 
is advisable to apply another method of estimation of the transmission path. 

[0015] On the other hand, when considering the case where it is desired to transmit and receive a large volume of 
information, it is generally known that if the transmission path is estimated by the differential modulation used in the 
communicatfon system described above, the required Eb/No, where Eb: energy per b'rt received by the receiving ap- 
paratus, No: received noise, Eb/No is the value expressing an S/N ratio per brt of the received data on the receptkxi 
side, detertorates by about 3 dB in comparison with the case where the estimation of the transmission path is carried 
out perfectly. When desiring to transmit and receive a large volume of infomnation, transmitting symbols for estimating 
the transmission path in addition to the symbols modulated in accordance with infonnation, precisely estimating the 
transmisswn path, and denrxxJulating gives a lower total required Eb/No and enables signal transmission with a better 
efficiency. In this case, since transmission of the symbols for estimating the transmissbn path becomes necessary, 
the bandwidth is excessively used, but when the amount of the information to be transmitted is sufficiently large in 
comparison with the symbols for estimating the transmission path, resources are not wastef ully used from the viewpoint 
of the required Eb/No. Further, if the encoding rate is raised by the anrtount of the lowering of the required Eb/No in 
order to provide exactly the bandwidth for the transmissfon of the symbols for the estimation of the transmission path, 
the bandwidth will not be excessively used. 

[001 6] In this way, for example, where information is transmitted in a burst-like manner and the amount of infomiation 
to be transmitted per time fluctuates in a large dynamic range, as in packet transmissk>n traffic, isolatbn is desirably 
taken in the rrxxiulation method and the transmisskxi path estimatkxi method for every channel. Further, preferably a 
different transmission path estimation method is used for every series of transmission information. The communicalbn 
system of the prior art, however, has not given sufficient consideration to this. 
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the differential modulatton and a transmission path equalization circuit for extracting the pilot signal from the output 
signal of the orthogonal transform circuit and estimating the characteristics of the transmission path in accordance with 
the extracted pilot signal when adding the pilot signal to the transmission data by the transmitting apparatus. 
[0025] According to an aspect of the present invention, the differential demodulation circuit preferably has a storage 

5 circuit for storing the output signal of the orthogonal transform circuit and a phase correction circuit for correcting the 
phase of the output signal of the orthogonal-transform circuit with a predetermined storage signal among the stored 
signals as the reference in accordance with the modulation method of differential modulation In the transmitting appa- 
ratus and the transmission path equalization circuit has a pibt extraction circuit for extracting the pilot signal from the 
output signal of the orthogonal transform circuit, a first addition circuit, in the case where the extracted pitot signals are 

10 divided into groups established in accordance with the frequency bands, for adding pilot signals of each group with at 
least one pilot signal from an adjoining group, a multiplication circuit for multiplying the result of addition of pilot signals 
at an adjoining previous modulation time on the time axis by a predetermined coefficient, and a second addition circuit 
for adding the result of addition of the addition circuit at the present point of time and the output signal of the multiplication 
circuit. 

IS [0026] The transmission method of the present invention includes transmitting a multi-carrier modulated signal having 
a plurality of sub-carriers modulated in accordance with the transmission data, employing the steps of selecting an 
estimation method of the transmission path in accordance with an attribute of the transmission data, performing map- 
ping for arranging signal points in the sub-carrier in accordance with the set modulation method based on the trans- 
mission data, performing signal processing on the mapped transmission for the estimation of the transmission path in 

20 accordance with the selected transmission path estimation method, and orthogonally transforming the transmission 
data subjected to the transmission path estimation processing. 

[0027] The reception method of the present invention includes receiving a multi-carrier modulated signal subjected 
to a predetermined transmission path estimation processing by the transmitting apparatus, employing the steps of 
orthogonally transforming the received signal, performing transmission path estimation processing based on the or- 
25 thogonally transformed received signal, correcting the received signal in accordance with the result of the estimation 
of a transmission path, and outputting the received data. 

[0028] Further, the communication method of the present invention includes transmitting and receiving a multi-carrier 
modulated signal created in accordance with transmission data, employing the steps of selecting an estimation method 
of the.transmission path in accordance with an attribute of the transmission data, performing mapping for arranging 
30 signal points-based on the transmission data by a modulatbn method set with respect to a plurality of sub-carriers, 
performing signal processing on the mapped transmission signal for estimating the transmission path in accordance 
with the selected transmission path estin^tion method, orthogonally transforming the signal subjected to the transmis- 
sion path estimation processing, transmitting the orthogonally transformed signal to the transmission path, receiving 
the transmission signal from the transmission path, orthogonally transforming the received signal, estimating the char- 
ts acteristics of the transmission path based on the orthogonally transformed signal, correcting the received signal in 
accordance with the result of the estimation of transmissbn path, and outputting the predetermined received data 
[0029] According to the present invention, preferably the modulation method is set in accordance with an attribute 
of the transmission data, and preferably the transmission path estimation method includes a method of differential 
modulation in accordance with the phase difference between the transmission data and the reference and a method 
^ of adding a transmission path estimation pilot signal to the mapped transmission data with a constant ratio and esti- 
mating the characteristic of the transmission path in accordance with the received pilot signal on the reception side. 
[0030] In the present invention, when the transmission path estimation processing is earned out by differential mod- 
ulation at the transmission side, the received signal is stored and the received signal received later Is differentially 
demodulated using a stored received signal as a reference. 
45 [0031] Furthemnore. when a pilot signal is added to the transmission signal at the transmission side, the pilot signal 
is extracted from among the received signal, the characteristics of the transmission path are estimated In accordance 
with the extracted pilot signal, and the phase and the amplitude of the received signal are corrected in accordance 
with the result of estimation. 

[0032] According to the present invention, when transmitting information of a burst-like nature that has a large dy- 
so namic range in the size of the transmission data such as with packet transmission traffic, it is possible to use a mod- 
ulation method and a transmission path estimation method suited to these conditions and transmit data with a good 
efficiency of the communication system as a whole in accordance with the characteristics of the transmission data, for 
example, the size of the transmission data per packet, the importance of the data, or the possibility of retransmission 
of the transmission data and further in accordance with the state of the transmissbn path, for example, the influence 
55 of the noise in the transmission path. 

[0033] Further, in the communbation system, it is possible to make the modulation method and the transmissbn 
path estimation method variable so as to design a transmitting apparatus and receiving apparatus by the smallest limit 
of the circuit size. 
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differential modulation/pilot addition circuit 204 or the signal randomization circuit 205 Is input to the multiplex circuit 
206. The multiplex circuit 206 multiplexes the transmission symbol stream of the M channels and the transmission 
symbol streams of other plurality of channels and outputs a multiplexed symbol stream. Note that the transmission 
symbol streams of the other channels arc created after substantially the same processing as that for the transmission 

s symbol stream of the M-th channel described above. 

[0063] The multiplexed symbol stream is subjected to inverse fast Fourier transform by the inverse fast Fourier trans- 
form circuit 207 to create a transmission signal on the time axis. Further, the inverse Fourier transform circuit 207 adds 
a guard band to the obtained transmission signal on the time axis and further restricts the time of the transmissbn 
signal by a time window. The transmission circuit 208 modulates the transmission signal output from the inverse fast 

10 Fourier transform circuit 207 to the high transmission frequency and radiates the same Into space through the trans- 
mission antenna 209. 

[0064] As shown In Fig. 2, the receiving apparatus of the present embodiment is configured by a channel decoder 
211, a deinterleave circuit 212, a bit extraction circuit 213, a transmission path estimation circuit 214, a signal rand- 
omization denrKdulation circuit (RPS/ROT) 215, a channel selection circuit 216, a Fourier transform circuit (FFT) 217, 

IS and a reception circuit (Rx) 218. 

[0065] The reception circuit 218 receives the signal of the intended baseband through a receiving antenna 219, 
converts the frequency of the received high-frequency signal and outputs the signal of the baseband. This baseband 
signal is supplied to the fast Fourier transform circuit 217. The fast Fourier transform circuit 217 performs a Fourier 
transform on the signal of the baseband input from the reception circuit 218 and finds the received symbols in each 

20 sub-carrier. 

[0066] The channel selection circuit 216 selects the received symbols of the intended channel from among the re- 
ceived symbols of the sub-carriers obtained by the fast Fourier transform circuit 217. Note that it is also possible to 
arrange the channel selection circuit 21 6 before the Fourier transform circuit 21 7. In other words, the channel selection 
circuit 216 is provided between the reception circuit 218 and the fast Fourier transform circuit 217. Only the received 
25 signal of the intended channel in the signal of the baseband received by the reception circuit 218 is selected and 
supplied to the fast Fourier transform circuit 217. 

[0067] The signal randomization demodulation circuit 215 orthogonally transforms the selected received symbols of 
the predetemiined channel to return them to the original received symbol stream. Note that the signal randomization 
demodulation circuit 21 5 is provided corresponding to the signal randomization circuit 205 in the transmitting apparatus 
30 shown in Fig. 1. Namely, the transmission signal orthogonally transfomned and randomized in signal points by the 
signal randomization circuit 205 at the transmitting apparatus is orthogonally transformed again at the receiving appa- 
ratus to return it to the original one. For this reason, when the signal is not randomized at the transmitting apparatus, 
the signal randomization demodulation at the receiving apparatus is unnecessary. 

[0068] The transmission path estimation circuit 214 estimates a phase fluctuation of the transmission signal in the 
3S transmission path and corrects the phase fluctuation occurring in the transmission path. The phase of the received 
symbol stream fluctuates in the transmission path, therefore the transmission path estimation circuit 214 estimates the 
transmission path by differential modulation or by using pilot symbols added by the transmitting apparatus so as to 
estimate the phase fluctuation occurring in the received symbols due to the transmission path. Then, by using the 
detected amount of phase fluctuation, the phases of the received symbols are corrected to find the received symbol 
40 stream purely modulated in accordance with the transmisision infornoation. The corrected received symbol stream is 
supplied to the bit extraction circuit 213, and the bit extraction circuit 213 extracts the received and encoded symbol 
stream. Note that an explanation is made of details of the transmission path estimation circuit 214 and the bit extraction 
circuit 213 hereinbelow by giving concrete examples of the circuits. 

[0069] The deinterleave circuit 21 2 rearranges the received and encoded symbol stream extracted by the bit extrac- 
^ tion circuit 21 3 to return it to the original order. Namely, the transmission symbol stream rearranged by the interieave 
circuit 202 in the transmitting apparatus is processed in reverse, so the data forming the received and encoded symbol 
stream is rearranged to the original order. 

[0070] The deinterleaved received and encoded symbol stream is input to the channel decoder 211. The channel 
decoder 211 also performs for example error con'ection and decoding on the received and encoded symbol stream. 
so In this way, the bit stream corresponding to the intended channel information in the transmission signal of a plurality 
of channels transmitted by the transmitting apparatus is obtained. The error correction and decoding processing may, 
include for example, Viterbi decoding. 

[0071] The communication system is configured by the transmitting apparatus and the receiving apparatus described 
above in regard to Figs. 1 and 2. The communication system encodes a data stream DBSM indicating transmission 
55 information in the M-th transmission channel using the channel encoder 201 , interieaves it, then maps the symbols to 
form a transmission symbol stream. Further, it performs differential nraJulation, or adds pilot symbols, in accordance 
with the characteristics of the transmission data and, if necessary, randomizes the signal by orthogonal processing, 
then inputs the result to the multiplex circuit. The transmission data streams of the other plurality of channels pass 
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SBYl 1 is transmitted as the actual transmission symbol The following transmission symbols are then similarly created 
In accordance with the difference between each of symbols in sub-carriers up to the symbol SYB17 and the symbol in 
each previous adjacent sub-carrier. 

[0078] Differential phase modulation is performed on the symbols to be transmitted at the second symbol and the 
s foltowing symbols on the time axis with reference to the adjoining symbols on the time axis. For example, when trans- 
mitting the symbols SYB21 to SYB27 in the sub-carriers fl to f7 at a time t2, the difference between the system SYB21 
and the symbol SYB11 of the sub-carrier f1 transmitted at a time t1 is found to create a transmission symbol In the 
same way, differential symbols are found for the symbols SYB22 to SYB27 in the sub-carriers from f2 to f7 in accordance 
with the differences between them and the symbols SYB12 to SYB17 transmitted at the time t1. so as to achieve 
10 differentel phase nrKxiulation. 

[0079] Similarly, when transmitting the symbols SYB31 to SYB37 in the sub-carriers f 1 to f7 at a time t3, differential 
symtx>ls are found in accordance with differences between them and the symbols SYB21 to SYB27 transmitted at the 
time t2 so as to achieve differential phase nrrodulation. 

[0080] When performing differential phase modulation on the symbols to be transmitted by the transmitting apparatus 
75 as described above, the receiving apparatus, in response to this, performs differential phase demodulation on the 
received symbols using a reference symbol received at first for the received symbols, so as to obtain the original 
transmission symbol. 

[0081] By transmitting and receiving symbols in this way, it is possible to limit the reference symbols not modulated 
with information to just the first symbol of the frequency axis/lime axis, thus the maximum number of symbols modulated 

20 with information can be secured. Further, since the differential phase modulation in the time direction is carried out 
from the second symbol, even in a propagation environment where the frequency characteristic is relatively vigorous, 
not only can the communication path be secured well, but also, even in the case where the characteristics of an anatog 
filter are not flat, it becomes possible to keep their influence to the lowest limit. Note that, in Fig. 4, the case of transmitting 
three symbol's worth of data on the time axis was Illustrated, but the number of symbols is not limited to three. Needless 

25 to say, the present invention can also be applied to the case of transmitting and receiving more symbols. 

Transmission Path Estimation Method 3: 

[0082] Fig. 5 shows another example of differential phase modulation for the case of transmitting data which can be 
so handled in several modulation periods. As illustrated in this example, in substantially the same way as the exairiple 
shown in Fig. 4, the symbols SYB11, SYB12, SYB17, SYB21, SYB22, .... SYB27, SYB31, SYB32, and SYB37 
are transmitted at the nxxiulation times t1 , t2, and t3 using the sub-carriers f 1 to f7. 

[0083] As shown in Fig. 5, for the second and following symbols on the time axis, it is possible to make the reference 
symbol any adjoining symbols on the frequency axis/lime axis. In this example as well, the number of the reference 

35 symbols not modulated with information can be kept to just one symbol. 

[0084] Specifically, for example, at the time t1, when transmitting the symbols SYB11 to SYB17 in the subH:arriers 
f 1 to f7, the differential phase modulation is performed by finding each difference with reference to the symbol in the 
adjoining sub-carrier Then, at the time t2, the phase difference of each symbol is found with reference to the adjoining 
sub-carrier on the time axis or the frequency axis for differential phase nrxxJulation. For example, when transmitting 

40 the symbol SYB21 , the difference from the adjoining symbol on the time axis, that is, the symbol SYB11 at the time t1 , 
is found so as to create the transmission symbol. When transmitting the symbol SYB22, the difference from the adjoining 
symbol on the frequency axis, that is, the symbol SYB21 in the sub-carrier fl, is found to produce the transmission 
symbol. When then transmitting the symbols SYB23 to SYB27, the transmission symbol is created by the difference 
from each adjoining symbol on the frequency axis or the time axis. Further, similar processing is carried out in the case . 

45 when transmitting the symbols SYB31 to SYB37 at the time t3. 

[0085] It shoukl be noted that in the example of the differential phase nnodulation shown in Fig. 5. when producing 
a differential symbol, it is necessary to notify the receiving apparatus of the selection pattern of the adjoining symbol 
acting as the reference symbol. Further, if deckJing on the pattern of the related reference symbol in advance as an 
agreement between the transmitting and receiving apparatuses, transmission of the pattern becomes unnecessary 

so For example, the pattern of the reference symbol is determined in advance as a communicatton protocol of the com- 
munk^ation system, the transmitting apparatus and the receiving apparatus select the reference symbol by the pattern 
determined by the protocol at the time of communteation, a differential symbol is found with respect to a transmisston 
symbol in the transmitting apparatus in accordance with this, differential phase modulation is carried out, the reference 
symbol is selected according to the protocol in the receiving apparatus, and the original transmission symbol for the 

55 received symbol is reproduced. 

[0086] In the case shown in Fig. 5, by changing the pattem for setting the reference symbol with respect to each 
symbol for every communication channel the signal points after the differential phase demodulation in the signals 
(interference wave) of the other channels no longer have a meaning, therefore, the bit stream after demodulation is 
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12, one pibt symbol is inserted for every two informatton symbols. For example, the pilot symbol PSB21 is inserted 
after the information symbols SYB21 and SYB22. Next, at the nruxiulation time t3, one pilot symbol Is inserted for every 
three infomnation symbols. 

[0098] In this way, along with the elapse of time after the start of the data transmission, the number of pilot symbols 
to be assigned to the information symbols is gradually lowered. Namely, immediately after the start of the transmission, 
the characteristics of the transmission path are completely unknown, therefore the pilot symbols are inserted in the 
information symbols at a high ratio. Contrary to this, the receiving apparatus can extract the pilot symbols from among 
the received symbols and quickly estimate the characteristics of the transmission path and can correct the error with 
respect to the information symbols. Then, after a constant time elapses after the start of the transmission, the charac- 
teristfcs of the transmission path are stored to a certain extent by the estimatbn of the transmission path up to then. 
As a result, the change of the characteristics of the transmission path can be tracked by just a few pilot symbols. It 
therefore becomes possible to accurately correct the received information symbols. 

[0099] When the transmission path is fixed, for example, when the positions of the transmitting apparatus and the 
receiving apparatus are fixed and the propagation path of the radio wave is almost constant between them, the char- 
acteristics of the transmission path become alrDOst constant. When the predetermined time elapses after the start of 
the transmissk>n, the receiving apparatus can fairly completely determine the characteristics of the transmission path. 
In this case, it is not necessary to insert pilot symbols into the transmitting signal, so when the predetermined time 
elapses after the start of the transmission, the insertion of the pilot symtjol is ceased. Thian, the receiving apparatus 
estimates and stores the characteristics of the transmission paths by the pilot symbols received after the start of the 
transmisskDn. After the transmission of the pilot symbol is ceased, en'prs of the received symbols are corrected by 
using the characteristics of the transmission paths estimated up to then, so as to reproduce the original information 
symbols. 

[0100] On the other hand, where the transmission path is not fixed, for example, in the case of mobile telecommu- 
nications, the position of the receiving apparatus changes every moment and the characteristics of the transmissbn 
path between the transmitting apparatus and the receiving apparatus constantly change. Therefore, it is necessary to 
continuously estimate the transmission path. In this case, it is necessary to continuously transmit the pilot symbols 
even after the constant time elapses after the start of the data transmission. Note that after the constant time elapses 
after the start of the data transmission, in accordance with the state of the transmission path, the ratto of assignment 
of the pilot symbols can be set lower in comparison with that immediately after the start of the data transmissfon. At 
this time, the receiving apparatus may receive successively transmitted pilot symbols and add the change of the newly 
estimated characteristic to the characteristics of the transmission path stored up to then to correct them: Then, the 
apparatus corrects errors of the received information symbol in accordance with the characteristics of the transmission 
path to reproduce the original information symbols. 

[0101 J According to the method of estimation of the information path by pilot symbols of the present invention since 
pitot symbols are inserted into the information symbols at a high ratio immediately after the start of the data transmission 
and the assignment ratk) of the pilot symbols is gradually reduced along with the elapse of time, a high quality of 
transmission is obtained immediately after the start of communcation. At the same time, the ratio of the pilot symbols 
to the information symbols to be transmitted is gradually lowered, the efficiency of the information transmission is 
gradually raised, and thus effective utilizatton of the frequency band can be achieved. 

[0102] As explained above, according to the present embodiment, by changing the method of estimation of the 
transmisston path and the modulation method in accordance with an attribute of the data to be transmitted, for example, 
the size of the packet to be transmitted, it is possible to constantly use the optimum transmissbn method when trans- 
mitting packets having different sizes and thereby improve the transmissbn efficiency and enhance the quality of 
communicatbn. 

[0103] Next, a detailed explanation will be given of the configuratbn and the operatkxi of each principal circuit portion 
configuring the transmitting and receiving apparatus for realizing the transmissbn path estimation method of the present 
embodiment by referring to the circuit diagrams. 

[0104] First, an explanation will be made of the data modulatbn method used in the communication system of the 
present embodiment by referring to Fig. 8 and Fig. 9. Here, the explanation will be made with reference to the two 
QPSK and 16QAM data modulatbn methods frequently used in multi-carrier communicatbn. 
[01 05] Fig. 8 is a vie w of the signal distrib ution showing the QPSK modu latbn method. Note that this signal distributbn 
diagram is also referred to as a constellation. In QPSK modulation, the modulation is performed by two bits of data in 
one suborrier. For this reason, as shown in Fig. 8, a modulated signal has four distributions. These correspond to 
(0, 0), (0, 1), (1, 0), and (1, 1) of the nx)dulated data. In a modulated signal obtained by the QPSK modulation, the 
inten^al between distributbn points of the signals is large, that is, the Hamming distance of the modulated signal is 
large, therefore the error rate due to the noise of the transmission path is low and the noise tolerance is good. In this 
modulation method, however, the rate of utilization of the frequency band is low, therefore this method is usually applied 
to an environment where the size of the data is relatively small and the influence of the noise in the transmission path 



11 



EP 1083 720 A2 



position transmitted one modulation time before becomes the adjoining symbol. The control circuit in the buffer/control 
circuit 403 decides whether to apply differential phase rrnxJulation in the frequency direction to the input symbol or 
differential phase modulation in the time direction in accordance with the control signal SC2 from the outside and 
controls how the phase conversion circuits 401 and 402 rotate the phases in accordance with the result. The phases 
!n the phase conversion circuits 401 and 402 are rotated by a signal point mapper to eight points. Namely, the same 
operation as that of the ordinary differential QPSK (CXaPSK) modulator is carried out. In differential phase modulation, 
the l-signal and the Q-signal input to the multiprocessor 405 are output to the outside as a transmission symbol train 
as they are. 

[0n4J The pilot storage circuit 404 is used when inserting the symbols for estimating the transmission path, in this 
case, the I- and Q-signals input to the phase conversion circuits 401 and 402 are not phase modulated, but pass 
through these phase nrodulation circuits as they are and are input to the multiprocessor 405 and stored in the buffer 
provided inside the multi-processor 405. The pilot storage circuit 404 is instructed as to the insertion position of the 
symbol for estimating the transmission path by the control signal SC2 from the outside, and therefore outputs the pilot 
symbols stored in the multiprocessor 405 according to the related control signal SC2. 

[0115] The multiprocessor 405 inserts the pilot symbols into insertion positions according to the instructions when 
the insertion positbns of the symbols for estimating the transmission path are instructed by the control signal SC2 from 
the outside. It outputs the input symbols to positions other than this. 

[0116] Due to the differential modulation/pitot addition circuit 204 configured as described above, either differential 
phase modulation or pilot symbol Insertion is executed In response to the control signal SC2 from the outside. In 
differential phase modulation, the phases of the Input I- and Q-slgnals are rotated by the phase conversion circuits 401 
and 402 in response to the control signals Spl and Sp2 from the buffer/control circuit 403. Further, the phase-modulated 
I- and Q-slgnals are stored in the buffer and used as the adjoining symbols at the next differential phase modulation. 
When adding transmission path estimation pilot symbols, the input I- and Q-signals are Input to the multiprocessor 405 
through the phase conversion circuits 401 and 402. The multiprocessor 405 inserts the pilot symbols stored In the pilot 
storage circuit 404 into the positions indicated by the control signal SC2 and outputs them to the outside. Symbols to 
be input into positions other than this are output. 

[0117] In the transmitting apparatus, the mapping circuit 203 and the differential modulation/pilot addition circuit 204 
modulate the input bit stream DBS by the intended modulation method, for example QPSK or 16QAM. In differential 
phase modulation, the phases of the I- and Q-slgnals of the transmissbn symbols are rotated with reference to the 
adjoining symbols for differential phase modulation. On the other hand, when adding transmission path estimation pitot 
symbols, the pilot symbols are Inserted into predetennined positions of the transmission symbols input. The transmitting 
apparatus Including these partial circuits maps the Input bit stream DBS according to a predetermined modulation 
method and creates the orthogonal l-signal and Q-signal. Further, it performs differential phase modulation on these 
orthogonal signals or inserts, transmission path estimation pilot symbols and outputs the obtained symbol stream 
comprised of the l-signal and Q-slgnal. The symbol stream obtained In this way is randomized by an orthogonal trans- 
form according to need and then multiplexed with symbol streams of other channels, and the transmission waveform 
is found by the inverse Fourier transform and nrxxiulated to a high transmission frequency and transmitted by the 
transmission circuit. 

[01 1 8] Next, an explanation will be given of the configurations and the operations of the transmission path estimation 
circuit 21 4 and the bit extraction circuit 21 3 as the principal portions configuring the receiving apparatus shown in Fig. 2. 
[0119] Fig. 12 is a circuit diagram of an example of the configuration of the transmission path estimation circuit 214 
and the bit extraction circuit 21 3. As shown, the transmission path estimation circuit 21 4 is configured by a buffer 501 , 
a buffer/control circuit 502, a pilot extraction circuit/channel equalizer 503, a multiplication circuit 504, and a selection 
circuit 505. The transmission path estimation circuit 21 4 and the bit extraction circuit 213 shown in Fig. 1 2 can be used 
for three types of transmission path estimation methods, that is, differential phase modulation in the frequency direction, 
differential phase modulation in the time direction, and use of pilot symbols for estimating the transmission path and 
can be used with either the QPSK or 16QAf^ modulation method. 

[0120] First, an explanation will be given of the transmission path estimation circuit 214. The transmission path es- 
timation circuit 31 4 is instructed by the control signal SC3 Input from the outside as to what transmission path estimation 
method to use to estimate the transmission path. The control signal SC3 is input to the buffer 501 , buffer/control circuit 
502, pilot extraction circuit/channel equalizer 503, and selection circuit 505. 

[0121] The buffer 501 passes Input symbols comprised of the input l-signal and Q-slgnal as they are when the re- 
ceived symbols are differentially phase modulated. On the other hand, It stores the Input symbols until the estimation 
of the transmission path is terminated when pilot symbols are inserted into the input symbols, this is hereinafter referred 
to as coherent detectton. 

[0122] The buffer/control circuit 502 stores the related input symbols and outputs the symt)ols stored In it when 
differentially phase nnodulating the input symbols. The output symbol is determined according to whether a symbol 
adjoining on the time axis is used as a reference or a symbol adjoining on the frequency axis is used as a reference. 
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signal lines 511 and 51 2 to the parallel/serial cxwiversion circuit 515 and input to the absolute value operation circuits 
507 and 508. Further, the vector on the l-Q plane corresponding to the transfer characteristic of the transmission path 
obtained by the pilot extraction circuit/channel equalizer 503 is input via the signal lines 516 and 517 to the amplitude 
operation circuit 506. 

[01 34] The amplitude operation circuit 506 finds the amplitude corresponding to the input vector. Specifically, where 
the received symbol is 16QAM modulated, the amplitude operation circuit 506 calculates the absolute value of the 
amplitude of the related vector by the values of the l-signal and the Q-signal indicating the input vector and outputs a 
value obtained by multiplying the absolute value of the calculated amplitude by the square root of (2/5). 
[0135] The absolute value operation circuits 507 and 508 find the absolute values of the l-signal and the Q-signal 
Input via the signal lines 511 and 512. 

[0136] The subtraction circuit 509 subtracts the output of the absolute value operation circuit 507 and the output of 
the amplitude operation circuit 506 and supplies the result of subtraction via a signal line 513 to the parallel/serial 
conversion circuit 515. 

[0137] The subtraction circuit 510 subtracts the output of the absolute value operation circuit 508 and the output of 
the amplitude operatbn circuit 506 and supplies the result of the subtraction via a signal line 514 to the parallel/serial 
conversion circuit 515. 

[0136] Below, an explanation is provided of the operation of the bit extraction circuit 213 having the above configu- 
ration for the cases where the received symbols are QPSK modulated or 16QAM modulated. 
[0139] When the received symbols are QPSK modulated, the amplitude operation circuit 506, the absolute value 
operation circuits 507 and 508, and the subtraction circuits 509 and 510 do not operate. In this case, only the parallel/ 
serial conversion circuit 515 operates. The parallel/serial conversion circuit 515 sequentially outputs two bits of data 
with respect to one input symbol by using the l-signal and the Q-signal input via the signal lines 511 and 512 as soft 
judgment values at the first bit and the second bit. 

[0140] On the other hand, when the received symbols are 16QAM modulated, first, the amplitude operation circuit 

506 calculates the square value of the amplitude of the vector based on the I- and Q-signals input from the signal lines 
51 6 and 517, calculates the value obtained by multiplying the absolute value of the calculated amplitude by the square 
root of (2/5), and outputs the results to the subtraction circuits 509 and 51 0. An l-component of a received symbol input 
from the signal line 51 1 is input to the absolute value operation circuit 507, and a Q<omponent of the received symbol 
input from the signal line 512 is input to the absolute value operation circuit 508. The absolute value operation circuits 

507 and 508 calculate the absolute values of the input l-component and Q-component, then the subtraction circuits 
509 and 510 subtract them from the amplitude value calculated by the amplitude operation circuit 506. The results of 
the subtraction are supplied through the signal lines 513 and 514 to the parallel/serial conversion circuit 515. The 
parallel/serial conversion circuit 51 5 outputs the l-component and the Q-component of the received symbol input from 
the signal lines 5 1 1 and 51 2 as the first bit and second bit soft judgment values and outputs the results of the subtraction 
input from the signal lines 51 3 and 51 4 as the third bit and fourth bit soft judgment values. 

Fig. 1 

[0141] As explained above, the bit extraction circuit 21 3 of the present example outputs the received data from the 
received symbols in accordance with the l-component and the Q-component of the input received symbols and the I- 
component and the Q-component of the vector found by the estimation of the transmission path. Further, the related 
bit extraction circuit 213 can handle the case where the received symbol is nrxxJulated by either the QPSK modulation 
or the 16QAM modulation method. It extracts two bits or four bits of the received data corresponding to the received 
symbols modulated by the nrKxJulation methods. 

[0142] Below, an explanation is provided of the estimation of the transfer characteristic of the transmission path in 
the pilot extraction circuit/channel equalizer 503 shown in Fig. 1 . 

[0143] The transfer characteristic of the transmission path is estimated by statistically processing a plurality of pilot 
symbols extracted from the received symbols. Fig. 1 3 shows an example of an equivalent circuit of the channel equal- 
izer, in which the channel equalizer is configured by a Bxx calculator, an Ax calculator, and an amplitude adjuster, 
estimates the transfer characteristic of the transmission path by storing extracted pilot symbols PSB in the frequency 
direction and the time direction, and outputs a vector l/Q corresponding to the transfer characteristic. 
[0144] Fig. 14 shows a specific example of the processing for the estimation of the transmissbn path, wherein the 
frequency band is divided into a plurality of frequency blocks FBO, FBI, FB2 and FB3. Each block, contains a prede- 
termined number of OFDf^ sub-carriers. For example, in the distributbn diagram of transmission symbols shown in 
Fig. 7, the frequency band is divided so that one btock corresponds to six sub-carriers. 

[0145] The blocks FBO to FB3 divided in this way each contain a plurality of pilot symbols. For example, at a mod- 
ulatk>n time tO, pilot symbols POOO, P001, and P002 are contained in the block FBO, pilot symbols POOS, P004, and 
POOS are contained in the block FBI, pilot symbols P006, P007. and POOS are contained in the block FB2. and further 
pitot symbols P009, P010, and P011 are contained in the block FB3. 

[0146] Here, the transmission path is estimated assuming that the transmission characteristics of the transmission 
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A2=(kB02+B12)a (11) 



A3=(kB0S+B13)a (12) 

[01 58] The transmission path vectors AO to A3 in the blocks calculated as explained above are expressed as vectors 
on the l-Q plane. These transmission path vectors AO to A3 indicate amounts of displacement of the phase and am- 
plitude given to the transmission signals in the frequency bands of the bkxks In the transmission path. 
[0159] Fig. 15 shows for example the transmission path vector AO in the block FBO on the l-Q plane as an example 
thereof. As illustrated, in the frequency band of the bkxk FBO, a phase displacement of to is given to the transmission 
signal transmitted via the transmission path. The amplitude becomes lAO! times. 

[01 60] The transmission path estimation circuit 21 4 of the receiving apparatus shown in Fig. 1 2 performs the above 
processing by the channel eiquafizer. As a result, the influence exerted upon each transmission signal of the frequency 
band can be estimated in the transmission path, therefore by correcting the I -component and the Q-component of a 
received symbol by using the calculated transmission path vector in the bit extraction circuit 21 3, the error of the phase 
and the amplitude occurring in the transmission path can be corrected and thus the influence of the transmission path 
can be eliminated. 

[0161] Next, an explanation is provided of another example of the bit extraction circuit in the receiving apparatus of 
the present invention. The bit extraction circuit 213 of Fig. 12 can be applied to received symbols modulated by the 
QPSK and 1 6QAM methods. Below, an explanation will be made of examples of a bit extraction circuit 21 3a which can 
be used for QPSK and 8PSK and a bit extraction circuit which can be used for QPSK, 16QAM. and further 64QAM 
modulation methods by referring to Fig. 16 and Fig. 17. 

[0162] Fig. 16 is a circuit diagram of an example of the configuratbn of the bit extraction circuit 21 3a which can be 
used for the QPSK and 8PSK nrKxJulation methods. As illustrated, this bit extraction circuit 21 3a is configured by ab- 
solute value operation circuits 607 and 608, a subtraction circuit 61 0, an amplitude adjustment circuit 6 1 3. and a parallel/ 
serial converston circuit (P/S conversion circuit) 615. The absolute value operation circuit 607 calculates the absolute 
value of an l-signal input via the signal line 51 1 , while the absolute value operation circuit 608 calculates the absolute 
value of a Q-signal input via the signal line 51 2. The subtraction circuit 610 subtracts the output signals of the absolute 
value operatbn circuits 608 and 607 and supplies the result of the subtraction to the amplitude adjustment circuit 61 3. 
[0163] The amplitude adjustment circuit 61 3 multiplies the output signal of the subtraction circuit 610 by the square 
root of (1/2) and outputs the result. The parallel/serial conversion circuit 61 5 outputs two bits or three bits of the received 
data in accordance with the l-signal and the Q-signal input from the signal lines 511 and 512 and the output signal of 
the amplitude adjustment circuit 613 in response to the control signal SC3 input from the outside. 
[0164] Betow, an explanatkxi is provkJed of the operation of the bit extraction circuit 213a of the present example. 
[01 65] The l-signal and the Q-signal with the transmission path errors con^ected by the transmission path estimation 
circuit are input via the signal lines 511 and 51 2 to the bit extraction circuit 21 3a. The absolute value operation circuits 
607 and 608 calculate the absolute values of the l-signal and the Q-signal and input them to the subtraction circuit 
610. The subtractbn circuit 610 subtracts the absolute value of the l-signal from the absolute value of the Q-signal 
and outputs the result of the subtraction to the amplitude adjustment circuit 61 3. The amplitude adjustment circuit 61 3 
adjusts the result of the subtraction of the subtraction circuit 61 3 to the square root of (1/2) time. 
[01 66] The parallel/serial conversion circuit 61 5 operates in response to the control signal SC3 output from the out- 
side. Note that the control signal SC3 indicates by which of the QPSK nrKxJulation method or 8PSK modulatbn method 
the received symbol has been nnodulated. 

[0167] When the received symbol has been QPSK modulated, all of the absolute value operation circuits 607 and 
608, subtractkxi circuit 610, and the amplitude adjustment circuit 613 are set in a nonoperating state, and the parallel/ 
serial converston circuit 615 selects the l-signal and the Q-signal input via the signal lines 511 and 512 and outputs 
them as the first bit and the second bit soft judgment values. 

[0168] On the other hand, when the received symbol is 8PSK modulated, the absolute value operation circuits 607 
and 608, the subtraction circuit 610. and the amplitude adjustment circuit 613 operate. The parallel/feerial conversion 
circuit 615 outputs the l-signal and the Q-signal input from the signal lines 511 and 512 as the first bit and the second 
bit soft judgment values and outputs the output signal of the amplitude adjustment circuit 613 as the third bit soft 
judgment value. 

[01 69] As explained above, according to the bit extractkDn circuit 21 3a of the present example, two bits of the received 
data are extracted in accordance with the QPSK modulated received symbols and three bits of the received data are 
extracted in accordance with the 8PSK modulated received symbols. Note that both of the QPSK modulated received 
symbols and 8PSK modulated received symbols are phase modulated signals wherein only the phases of the received 
signals are rTX)dulated in accordance with the transmission data, that is, the infonnation of the transmission data is not 
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traction circuits 729 and 730, And amplitude adjustment circuit 731 are set in the nonoperating state, and the other 
partial circuits are in the operating state. The parallel/serial conversion circuit 715 outputs the l-slgnal and the Q-signal 
input from the signal lines 511 and 512 as the first bit and the second bit soft judgment values and outputs the output 
signals of the subtraction circuits 709 and 710 input from the signal lines 713 and 714 as the third bit and the fourth 
bit soft judgment values. 

[0180] When the received symbols are 16QAM modulated, all partial circuits configuring the bit extraction circuit 
21 3b operate. The parallel/serial conversion circuit 71 5 outputs the l-signal and the Q-signaJ input from the signal lines 
51 1 and 51 2 as the first bit and the second bit soft judgment values, outputs the output signals of the subtraction circuits 
709 antf 71 0 input from the signal lines 71 3 and 714 as the third bit and the fourth bit soft judgment values, and further 
outputs the output signals of the subtraction circuits 729 and 730 Input from the signal lines 733 and 734 as the fifth 
bit and the sixth bit soft judgment values. 

[0181] As explained above, the bit extraction circuit 21 3b of the present example can be used for received symbols 
of either of the QPSK, 16QAM, or 64QAM system. When the received symbols are QPSK modulated, the bit extraction 
circuit 21 3b extracts the two bits of the received data corresponding to the received symbols, while when the received 
symbol is 16QAM modulated, the bit extraction circuit 213b extracts the four bits of the received data corresponding 
to the received symbols. Further, where the received symbol Is 64QAf\^ modulated, the bit extraction circuit 213b ex- 
tracts the six bits of the received data corresponding to the received symbols. 

[0182] Fig. 18 represents the operation of a second embodiment of the present invention and, specifically, the op- 
erations of transmission and reception of data In the communication system of the present invention. 
[0183] Note that the communication system of the present invention is configured by the transmitting apparatus 
shown in Fig. 1 and the receiving apparatus shown in Fig. 2. This communication system transfers the data from the 
transmitting apparatus to the receiving apparatus. Below, an explanation Is provided of the operation of the communi- 
cation system of the present embodiment by referring to Fig. 1 8, 

[0184] The communication system of the present embodiment Is a mobile telecommunication system. The transmit- 
ting apparatus transmits call information and calls the receiving apparatus as the other party of the communication. 
When It receives a response from the receiving apparatus and confirms the receiving apparatus, data communication 
is commenced. Below, a detailed explanation will be made of the communication system operation by referring to Fig. 
18. 

[0185] Note that in Fig. 18, TX indicates a master station in the transmitting apparatus or the mobile telecommuni- 
cation system, and RX indicates the user in the receiving apparatus or the mobile telecommunications. 
[0186] At the start of communication, first, a call message (Paging MSG) is transmitted by the transmitting apparatus 
(nrraster station) TX. This call message is transmitted by a channel dedicated to the call referred to as a paging channel. 
Note that a call can be reliably made even when the receiving apparatus is in a sleep mode. This paging channel uses 
a predetermined transmission path estimation method. Here, in the case where the size of the call message is small, 
differential phase modulation in the frequency direction is employed as the transmission path estimation method. Note 
that the transmission path estimation method in the call message is not limited to this, other methods determined at 
the transmission and reception sides in advance can also be applied. 

[0187] Note that the call message includes an instruction as to which channel each receiving apparatus should 
transmit the response signal over, so when the receiving apparatus (user) RX receives the call message, it transmits 
a response signal ACK to the master station through a designated channel. 

[0188] The user RX is basically in the sleep mode except during communicatbn for reducing power consumption of 
the unit. It intermittently receives data by the paging channel to check if a call message addressed to it has been 
transmitted. When a call message addressed to it is transmitted, the user transmits a response signal ACK including 
the information that it is ready to receive a call to the master station using the channel designated by the paging 
message. Note that this response message includes information indicating the type of the transmission path estimation 
method which can be processed by the user RX. 

[0189] The case where the request of start of communication was made from the master station TX was shown 
above, but when communication is requested from the user RX. for example, when there is a request from the user 
RX to receive certain information, a request signal REQ adding what Information Is wanted to information substantially 
the same as the response signal ACK is transmitted from the user RX toward the nnaster stations utilizing a channel 
refenred to as a random access channel. 

[01 90] The master station TX determines the operating state of the user after identifying the user when receiving the 
response signal ACK or the request signal REQ from the user. For example, It determines the modulation signal method, 
the transmission path estimation method, and the like that can be processed by the receiving apparatus of the user 
and determines the modulation method and the transmission path estimation method to be used for the communication. 
The master station TX transmits a resen^ation message (Reservatbn MSG) designating the transmission start time, 
channel number to be used for the transmission, and the transmissbn path estimation method to be used for the 
reception to the user RX When the designated time arrives, the master statton TX transmits the modulated signal 
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modulation method and transmission path estimation method adapted to this in accordance with for example the amount 
of infornration per packet and the attribute of the transmission data such as the importance of the data and therefore 
possible to transmit and receive information with a high efficiency of the communication system as a whole. 
[0201] Further, by making the modulation method and the transmissk)n path estimation method variable, it is possible 
to configure the transmitting and receiving apparatus by the smallest possible circuit size. 

[0202] Further, in a communication system using different modulation methods and transmission path estimatkxi 
methods, by designating the transmission path estimation method and the modulation method by the transmission 
side before the transmission and reception of data, the receiver side can receive information according to the designated 
modulation method and transmissbn path estimatkxi method, so there is the advantage that the transmission and the 
reception of the information can be snrKXJthly carried out. 



Clalmd 

1, A transmitting apparatus for transmitting a multi-carrier rrKxJulated signal having a plurality of sub-carriers modu- 
lated in response to transmissfon data, comprising: 

a transmission path estimation method selection circuit for selecting an estimation method of the transmission 
path in response to an attribute of sakj transmission data, 

a mapping circuit for arranging signal points in said plurality of sub-carriers in response to a selected modulatton 
method based on sakJ transmission data, 

a transmission path estimation processing circuit for estimating a transmission path for the output signal of 
said mapping circuit in response to said selected transmission path estimation method, and 
an orthogonal transform circuit for orthogonally transforming an output signal of said transmissbn path esti- 
mation processing circuit. 

2, A communication system for transmitting and receiving a multi-carrier modulated signal created in accordance 
with the transmission data, comprising: 

a transmission path estimation method selection circuit for selecting a transmission path estimatfon method 
in accordance with an attribute of said transmissk^n data, 

a mapping circuit for arranging signal points based on said transmission data by modulation methods set with 
respect to a plurality of sub-carriers, 

a transmissk>n path estimatk>n processing circuit for signal processing for estimating the transmissk>n path in 
accordance with sakJ selected transmissbn path estimatbn method for an output signal of said mapping circuit, 
a first orthogonal transform circuit for orthogonally transforming an output signal of said transmission path 
estimation processing circuit, 

a transmissfon circuit for transmitting an output signal of said first orthogonal transform circuit to the transmis- 
sion path, 

a reception circuit for receiving a transmission signal from sakJ transmission path, 

a second orthogonal transform circuit for orthogonally transforming an output signal of said reception circuit, 
a transmission path estimation circuit for estimating a characteristic of the transmission path based on process- 
ing of an estimation of the transmission path earned out by said transmission path estimation processing circuit 
based on the output signal of said second orthogonal transform circuit, and 

a data output circuit for correcting said signal received by said reception circuit in accordance with the result 
of the estimation of said transmissran path estinnation circuit and outputting the predetermined received data 

3, A communication system as set forth in claim 2, wherein said second orthogonal transform circuit performs a fast 
Fourier transform on sakJ received signal. 

4, A communication system as set forth in claim 2 or 3, wherein said transmissbn path estimation circuit includes: 

a differential demodulation circuit for differentially demodulating the output signal of said second orthogonal 
transform circuit with the output signal of said orthogonal transform circuit at a predetermined time as a refer- 
ence signal when said transmitting apparatus is engaged in differential modulation, and 
a transmission path equalization circuit for extracting a pibt signal from the output signal of said second ort- 
Ibgonal transform circuit when adding the pibt signal to the transmission data by said transmitting apparatus 
and estimating characteristbs of the transmissbn path in accordance with the extracted pilot signal. 
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14. A receiving apparatus for receiving a multi-carrier nrKxJuIated signal to which a predetermined transmission path 
estimation is processed by a transmitting apparatus, comprising: 

an orthogonal transfomn circuit for orthogonally transforming a received signal, 
s a transmission path estimation circuit for estimating a characteristic of a transmission path in response to a 

processing of an estimatbn of the transmission path carried out by said transmitting apparatus based on an 
output signal of said orthogonal transfomn circuit, and 

a data output circuit for correcting said received signal in response to a result of the estimation of said trans- 
mission path estimation circuit and outputting the received data, 

10 

15. A receiving apparatus as set forth in claim 14, wherein said orthogonal transform circuit performs a fast Fourier 
transform on said received signal. 



16. A receiving apparatus as set forth in claim 14 or 15, wherein said transmission path estimation circuit includes: 

IS 

a differential demodulation circuit for differentially demodulating the output signal of said orthogonal transform 
circuit at a predetermined time as a reference signal when said transmitting apparatus performs the differential 
modulation, and 

a transmission path equalization circuit for extracting a pitot signal from the output signal of said orthogonal 
20 transform circuit when adding the pilot signal to the transmission data by said transmitting apparatus and 

estimating characteristics of the transmission path in response to the extracted pilot signal. 

17. A receiving apparatus as set forth in claim 16, wherein said differential demodulation circuit has: 

2^ a storage circuit for storing the output signal of said orthogonal transform circuit, and 

a phase correction circuit for correcting a phase of the output signal of said orthogonal transform circuit with 
a predetermined storage signal among said stored signals as the reference in response to the modulation 
method of differential modulation in the transmitting apparatus. 

30 1 8. A receiving apparatus as set forth in any one of claims 1 4 to 1 7, wherein said transmission path equalization circuit 
includes: 

a pilot extraction circuit for extracting a pilot signal from the output signal of said orthogonal transform circuit, 
a first addition circuit, in a case where said extracted pilot signal is divided into groups established in accord- 
ance with the frequency bands, for adding pilot signals of each group with at least one pilot signal from an 
adjoining group, 

a multiplication circuit for multiplying a result of addition of the pilot signals at an adjoining previous modulation 
time on the time axis by a predetermined coefficient, and 

a second addition circuit for adding a result of addition of the first addition circuit at a present point of time and 
an output signal of said multiplication circuit. 

1 9. A receiving apparatus as set forth in any one of claims 1 4 to 1 8, wherein said data output circuit outputs the received 
data of a predetermined number of bits based on said received signal in accordance with the modulation method 
of the received signal. 

4S 

20. A transmission method for transmitting a mufti-carrier modulated signal having a plurality of sub-carriers nrKxJulated 
in accordance with transmission data, comprising the steps of: 



3S 



40 



selecting a transmission path estimation method in accordance with an attribute of said transmission data, 
performing mapping for arranging signal points in each said sub-carrier in accordance with the set modulation 
method, based on said transmission data, 

perfomfiing signal processing on themapped transmission for the estimation of the transmission path in ac- 
cordance with said selected transmission path estimation method, and 

orthogonally transforming said transmission data to which said transmission path estimation is processed. 

21. A transmission method as set forth in claim 20, further comprising the step of selecting said transmission path 
estimation method in accordance with one or more of a size or a perceived importance of said transmission data. 
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out by differential modulation by the transmitting apparatus, the received signal is stored and the received signal 
received later is differentially demodulated using a stored received signal as a reference. 

32- A receiving method as set forth in claim 30 or 31 , wherein when a pilot signal is added to the transmission signal 
by the transmitting apparatus, said pilot signal is extracted from annong a received signals, characteristics of the 
transmission path are estimated in accordance with the extracted pilot signal, and a phase and an amplitude of 
the received signal are corrected in accordance with the result of estimation. 
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FIG. 13 
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